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INTRODUCTION 

Asphaltenes are considered to be one of the principle intermediates in the conversion Of 
coal to an oil product. a: genation have only used a simple operational definition of coal-derived asphaltenes ' - "Benzene souble and hexane insoluble". What then can be said about these asphaltenes? 

m: What is the established laboratory procedure for isolating asphaltenes? What steps have 
been taken to characterize and compare asphaltenes generated from different coal lique- 
faction processes? Do the asphaltenes affect the physical and/or chemical properties Of 
a coal-derived oil? These and many other questions need to be studied and some kind of " answer proposed. Recent investigations indicate that asphaltenes contribute to a large 

I measure to the viscosity of the product oil. It has even been suggested the asphaltenes a! are the coal monomer - the smallest unit of coal that still retains, to some degree, the 
, spectral qualities of the whole coal. Before we go further we must establish isolation 

techniques that are standardized, and that do not chemically affect the asphaltene com- a[ ponents. chemical and spectral properties of these "Benzene soluble-hexane insoluble" materials 
we call asphaltenes. When these questions have been investigated, then we may be able 
to answer - 

But, over the past four decades, investigations of coal hydro- 

Once free from the virgin coal-derived oil what then are the physical, 
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What are asphaltenes? 

IN THE BEGINNING 

As far back as 1942 German scientists involved in coal conversion products wrote a 
"summary report on experiments performed at Scholnen to establish a suitable method for 
asphalt analysis". (1) 
material was referred to as asphalts.(2,3) But, at the U. S .  Bureau of Mines, the term 
asphalt was considered objectionable because the same word was commonly used to describe 
a petroleum-derived product. 
aspects from coal-hydrogenation material as will be shown. 

Therefore, in the United States about 1950-51, the term asphaltenes was used to define 
the benzene soluble-hexane insoluble components of coal-conversion products. Weller, 
et al. ( 4 )  detailed the isolation of the asphaltenes and, with some general modifica- 
tions (5) this method has been used at the Pittsburgh Energy Research Center on a large 
number of samples. Recently Sternberg, et al. (6) proposed a slightly different version 
of separating asphaltenes from SYNTHOIL (7) centrifuged liquid products (CLP). 

In these early investigations the benzene soluble-hexane insoluble 

The petroleum product differs in some rather important 

ai 
i: 

Let us go back to the late 1940's and early 1950's when mechanisms were first suggested 
for the hydrogenation of coal. Weller, et al. ( 4 )  determined that the conversion of coal 
to oil involved two consecutive first order reactions, 

k 
COAL Asphaltenes kl, OIL 

2' 
' At 400" C kl 

More recently Lieberberg and Potgieter (8) 
includes the following simultaneous and consecutive reactions: 

was reported as 25 times larger than k ai 
, derived a more complex mechanism which 

m 
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( 4 )  

Markov and Orechhin (9) on t h e  o t h e r  hand have proposed that i n  the  i n i t i a l  s t a g e s  of 
c o a l  hydrogenation i t  is n o t  t h e  a spha l t enes  t h a t  a r e  formed f i r s t ,  bu t  a subs tance  tha t  
i s  i n s o l u b l e  i n  benzene y e t  s o l u b l e  i n  pyr id ine .  S te rnberg  e t  a l .  (6 )  have separa ted  
t h e s e  materials accord ing  t o  t h e i r  i s o l a t i o n  scheme and have termed these  py r id ine  Soluble- 
benzene i n s o l u b l e  materials "preasphaltenes".  
w i t h ,  b u t  preasphal tenes  as w e l l .  
e f f e c t  do  asphal tenes  have on t h e  phys ica l  p r o p e r t i e s  of coal-derived o i l s .  

Now we have not  only aspha l t enes  to  Contend 
That b r ings  u s  t o  one of our  e a r l i e r  ques t ions  - what 

F igure  1, 
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Figure  1. E f f e c t  of py r id ine  so lub le s  ( to luene  in so lub le s )  
and a spha l t enes  on v i s c o s i t y .  

from work by Sternberg ,  e t  al .  (7) shows i n  a t  least one case  t h a t  t h e  v i s c o s i t y  of a 
SYNTHOIL CLP i s  e f f e c t e d  by the  presence  of asphal tenes  and preasphal tenes .  
i s  s o  l a r g e  i s  s t i l l  a matter of i n v e s t i g a t i o n .  

Why the e f f e c t  

ASPHALTENE ISOLATION 

Before going  any f u r t h e r  w e  should account f o r  t h e  i s o l a t i o n  of asphal tenes .  F igure  2 g ives  
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t h e  f r a c t i o n a t i o n  scheme f o r  a spha l t enes  from a SYNTHOIL CLP. The i n i t i a l  product as 
rece ived  from the  p rocess  stream is ho t .  It i s  p laced  i n  a j a r ,  quick ly  f lushed  wi th  
n i t rogen ,  and allowed to  coo l  t o  room tempera ture  i n  t h e  c losed  con ta ine r .  A p o r t i o n  
Of t h e  sample is sub jec t ed  t o  t h e  i s o l a t i o n  procedure a s  soon as it a t t a i n s  room tempera- 
t u r e .  The i n i t i a l  s e p a r a t i o n  removes the benzene (10) i n so lub le s .  This  can  be  accom- 
p l i shed  by c e n t r i f u g a t i o n  on an  a n a l y t i c a l  s c a l e  (1-3 grams), o r  by t h e  Soxhle t  method 
on a p repa ra t ive  scale (10-20 grams). 

The recovered benzene i n s o l u b l e s  ( B I )  can then  b e  sub jec t ed  t o  p y r i d i n e  e x t r a c t i o n  t o  
g i v e  py r id ine  in so lub le s  (ash con ten t  ~ 8 0 % )  and pyr id ine  so lub le s  (preasphal tenes)  . 
The benzene so luble  p o r t i o n  of t h e  CLP is  reduced i n  volume by n i t rogen  f l u s h  at 30-35" c 
on  a water ba th  u n t i l  an approximate volume r a t i o  of 1:l benzene/so lubles  i s  reached. 
We now propose the  use  of n-pentane ( p e s t i c i d e  grade  f o r  a l l  so lven t s )  t o  p r e c i p i t a t e  the 
asphal tenes .  Pentane is added w i t h  r ap id  s t i r r i n g ,  o r  mi ld  (50 wa t t )  son ica t ion ,  t o  
p r e c i p i t a t e  the  asphal tenes .  I f  a p r e p a r a t i v e  method is used, a f i n e  double th i ckness  
thimble i s  requi red ,  o r  t h r e e  pentane  washings on the  a n a l y t i c a l  scale, wi th  cen t r i fu -  
g a t i o n  a t  2500 r p m  a t  20" c f o r  15 minutes.  
a t  65" C i n  vacuo t o  cons t an t  weight  o r  r ed i s so lved  i n  benzene (1 gram aspha l t ene /5  ml 
benzene) and freeze-dried.  The la te r  technique  g ives  a f i n e ,  l i g h t  t a n  ma te r i a l .  A l l  
f i n a l  p roducts  should b e  s t o r e d  a t  -40" C i n  a g l a s s  s e a l e d  con ta ine r .  

The asphal tenes  and p reaspha l t enes  can  be f u r t h e r  s epa ra t ed  by the  method of 
S ternberg  e t  a l . ,  (11) Figure  3. 

The a spha l t enes  are c o l l e c t e d  and d r i e d  

The a spha l t enes  are d i s so lved  i n  benzene (1 gram/20 m l  

ASPHALTENES r? 
ACIDS 

BASES AND 
NEUTRAL MATERIALS 

Figure  3. Asphaltene f r a c t i o n a t i o n  scheme. 

benzene),  cen t r i fuged  t o  c o l l e c t  any undisso lved  m a t e r i a l ,  then  dry H C 1  gas i s  slowly 
bubbled through t h e  s o l u t i o n  u n t i l  no f u r t h e r  evidence of p r e c i p i t a t i o n  i s  observed. 
This  procedure forms a n  H C 1  adduct w i th  t h e  b a s i c  h e t e r o c y c l i c  n i t rogens  (-N=). I n  t h e  
s o l u t i o n  remain t h e  n e u t r a l  and a c i d i c  compounds which can  b e  recovered by reducing  the  
benzene volume with a n i t rogen  purge and f reeze-dry ing  t h e  f i n a l  s o l u t i o n .  The n i t rogen  
adduct can be  f reed  of H C 1  by back t i t r a t i o n  i n  benzene wi th  0 . 5  N N a O H .  This  i s  best 
achieved wi th  a f r e s h l y  prepared base  adduct.  Prolonging t h i s  l a s t  s t e p  inc reases  t h e  
amount of benzene i n s o l u b l e s  l e f t  a f t e r  back t i t r a t i o n .  

IJe have out l ined  these  methods i n  some d e t a i l  because,  as of today, t h e r e  i s  no 
s tandard ized  method for s e p a r a t i n g  a spha l t enes .  I n  many cases  the  y i e l d  of asphal tenes  
can vary a s  much as 50% and the  benzene i n s o l u b l e s  a s  much as 100% by j u s t  changing 
t h e  labora tory  technique. 
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Figure  4. I n f r a r e d  spectrum of a spha l t ene  bases  

, 

TMS d e r i v a t i v e  and obse rv ing  t h e  d isappearance  of t h e  OH bands a t  3560 cm-1. 
e x a c t  na tu re  of these  hydroxyls  i s  i n  ques t ion .  

The 
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'Sternberg, e t  a l . ( l l )  S t a t ed  t h a t  they could no t  d e t e c t  phenol ic  OH i n  the  base f r a c t i o n  

M b y  TLC and spray  r eagen t s  and a s t r o n g  conf i rmat ion  of phenol ic  0H.was not  de tec ted .  It 

M h i n d e r e d  t h a t  t he  phenol ic  reagent  could not  form its d e r i v a t i v e .  

M N u c l e a r  magnetic resonance (NMR) has  been used t o  a much g r e a t e r  e x t e n t  r e c e n t l y  due to 
t h e  advent of c p y u t e r  We 

.,have used both C and % NMR t o  determine a romat i c i ty  (16) of c o a l  hydrogenation products  
a s  w e l l  a s  asphal tenes .  An i n t e 5 e s t i n g  pre l iminary  set of experiments w a s  made f o r  t h e  
use of a s t a b l e  i so tope  t r a c e r ,  H-deuterium. (14) Another such experiment was made i n  
an au toc lave  with f r e s h  c o a l  and an  asphal tene- f ree  p a r t i a l l y  deu te ra t ed  veh ic l e  oil, 

M : r u n  a t  450" C and p res su r i zed  wi th  n i t rogen  gas  i n  p l a c e  of hydrogen. I f  t h e  r e s u l t i n g  
new aspha l t enes ,  generated from t h e  f r e s h  coa l ,  were found t o  con ta in  incorpora ted  
deuterium, as evidenced by i ts  2H NMR resonance be ing  g r e a t e r  than  n a t u r a l  abundance, 

.!then a deuterium t r a n s f e r  could poss ib ly  have taken p l ace  between t h e  v e h i c l e  o i l  and t h e  
coa l .  

continuing . .  and should provide  some needed i n s i g h t  i n t o  t h e  mechanism o f  hydrogen t r a n s f e r  

a f t e r  TLC and TLE analyses .  

1s poss ib l e  t h a t  t hese  OH a r e  not  phenol ic ,  b u t  more a l c o h o l i c  i n  n a t u r e ,  t he re fo re ,  a 
p o s i t i v e  phenolic t e s t  was no t  observed. 

It i s  no wonder t h a t  
many more i n t e r e s t i n g  ques t ions  a r e  be ing  proposed than  a r e  be ing  answered. 

The base  component of Brown, et a l .  (15) was a l s o  t e s t ed  

Another p o s s i b i l i t y  is  t h a t  t h e  OH a r e  SO 

rocess ing  of t h e  s i g n a l  f o r  enhanced s igna l - to-noise  r a t i o .  

Our i n i t i a l  r e s u l t s  i n d i c a t e  a s l i g h t  uptake of deuterium, wi th  some s p e c i f i c i t y  
, a t  t h e  a l i p h a t i c  carbon pos i t i ons .  Work i n  t h i s  area, us ing  s t a b l e  i so tope  l a b e l s ,  is 

i n  c o a l  l i que fac t ion .  

.' SUMMARY 

./Over t h e  pas t  40 yea r s  of coa l  l i q u e f a c t i o n ,  a product t h a t  i s  benzene so lub le  and 

What then  i s  an 
CI ' a sphd l t ene  i s  still  an  unanswered ques t ion .  We have y e t  t o  e s t a b l i s h  a s tandard  

In-pentane in so lub le ,  now r e f e r r e d  t o  as asphal tenes ,  has  provided some very  i n t e r e s t i n g  
ques t ions .  We have only touched upon a few of t he  h i g h l i g h t s  i n  t h e  h i s t o r y ,  i s o l a t i o n ,  
and cha rac t e r i za t ion  of t hese  a spha l t enes  i n  t h i s  p re sen ta t ion .  

asphal tene  i s o l a t i o n  method, hence, only g e n e r a l i z a t i o n  can be  made about t h e  f i n a l  
product.  
c o a l  may be divided and y e t  s t i l l  r e t a i n  most of t h e  s p e c t r a l  and some of t h e  chemical 

Asphaltenes and preasphal tenes  might w e l l  b e  t h e  smallest u n i t s  i n t o  which 

p r o p e r t i e s  of the o r i g i n a l  whole coa l .  '' It is the re fo re  not  so s u r p r i s i n g  t h a t  we cannot answer the  ques t ion  - 

M: "What are asphal tenes?"  . . . . . . . . . . . . . . . . . . . . . .at  t h i s  time. 
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